In this study, we identify the frequency of pseudopolyps (PPs) with normal histology and their association to surrounding tissue. Methods: Patients were enrolled in a study identifying endoscopic characteristics of PPs (n = 29) or were collected as part of our IBD biobank (n = 16). Statistical analysis included Stata v.15.0. chi-square and Student t-test.
INTRODUCTION
Inflammatory bowel disease (IBD), Crohn disease (CD), and ulcerative colitis (UC), are chronic, idiopathic inflammatory disorders affecting the gastrointestinal tract. 1 Colorectal cancer risk is increased in individuals with long standing UC and CD colitis. 2 Surveillance colonoscopy therefore becomes paramount for the detection of dysplasia. 2 With the advent of newer endoscopic technologies including narrow band imaging (NBI) and chromoendoscopy (CE), detection and characterization of polypoid lesions has improved significantly. 3 Pseudopolyps (PP) are characterized as islets of mucosa or mucosal tags that are presumed to form after severe ulceration and disrupted mucosal integrity. 4, 5 Granulation tissue can form in focal areas where there has been inflammation and inflammatory infiltration of the submucosa. 5, 6 Although PP can occur following many types of inflammatory insults, in IBD they represent polypoid protrusions of regenerating mucosa as compared with the surrounding mucosa. 6 The surrounding mucosa could be inflamed or normal. 6 Endoscopically, PP can be sessile, pedunculated, or filiform. 7 They can be single or multiple and range in size including giant PP so called because of their large size of greater than 15 mm mimicking villous adenomas or carcinoma. 7, 8 Although most PP are not dysplastic, historically, patients with PP were thought to be at an increased risk for colitis-associated cancer (CAC). 9, 10 However, recently a multicenter retrospective cohort found no association between PPs and CAC. 11 The reported prevalence of PP is about 10%-20% in patients with UC and CD 12 and is similar in both sexes. 5 The incidence of PP peaks in IBD patients in their second to fourth decade of life. 5 Furthermore, the prevalence rises with extensive colitis and longer duration of active disease. 13 We previously published a study that examined endoscopic characteristics of inflammatory PPs. We used a Delphi method to identify endoscopic features suggestive of inflammatory PP histology to build a consensus prediction system. 14 All the PPs that were evaluated endoscopically were also sampled for histology. In our initial publication, we characterized only the endoscopic features of inflammatory PP as defined by pathology. In the current study, we describe the frequency of PP with normal colonic histology, termed healed PP, compared with inflammatory PP, the relationship between PP histology and surrounding inflammation, and the relationship of PP histology and concurrent medications. We hypothesized that patients in deep remission were more likely to have PPs that had normal colonic histology compared with patients with active inflammation.
METHODS

Study Design and Population
We included patients who underwent colonoscopy at our center and had the presence of PPs on examination. We obtained data of patients from our prior study that described the endoscopic characteristics of inflammatory PPs 14 and also from patients with PPs on colonoscopy that were captured in our UM IBD Biorepository. The patients included from the biorepository were those with PPs that were biopsied and that also had biopsies of the surrounding tissue. In addition, we only included patients whose biopsy reports were available on our electronical medical records (EMR) for evaluation. All patients had a standard bowel preparation for colonoscopy. For procedures completed between June 2010 and February 2013, the Olympus adult CF-180 and pediatric PCF-180 colonoscopes (Olympus Corporation, Shinjuku, Japan) were used. For procedures between June 2013 and April 2017, the Olympus adult CF-190 and pediatric PCF-190 colonoscopes (Olympus Corporation) were used. All colonoscopies were performed for clinical purposes at the treating physicians' discretion, including evaluation of response to medical therapy, routine surveillance for dysplasia, and evaluation of symptoms such as diarrhea or rectal bleeding.
Endoscopic inflammation was graded using standard endoscopic scoring systems, including Mayo score for UC 15 and the Simple Endoscopic Score for CD. 16 These scores were entered at the time of colonoscopy in our IBD database. In addition, the endoscopist assigned a rating of never inflamed, uninflamed, mild, moderate, or severely inflamed for each segment of bowel that was also entered into the IBD database.
Directed biopsies were performed using a multibite forceps (Boston Scientific, Natick, MA). Biopsies of colonic tissue adjacent to PP were taken. All histology slides were reviewed by dedicated gastroenterology pathologists. The pathologists were not blinded to the endoscopic findings.
Data Collection
Clinical and demographic data were captured from the IBD intake research questionnaire. The following baseline and clinical data were collected from the IBD intake questionnaire and confirmed with the electronic health records: birthdate, sex, age at the time of study, type of IBD [UC, CD, or indeterminate colitis (IC)], year of diagnosis, and duration of disease. In addition, the maximum extent of luminal disease at diagnosis and at the time of colonoscopy was obtained from the electronic medical record and from the colonoscopy report, respectively. Furthermore, we collected exposure to any previous medications including 5-aminosalicylates, immunomodulators, methotrexate, steroids, and biologics (including infliximab, adalimumab, certolizumab, golimumab, ustekinumab, natalizumab, vedolizumab, and experimental biologics). We also documented therapy at the time of colonoscopy.
Endoscopic Assessment of PP Features
For the 29 patients (59 PPs) that were part of the PP endoscopic study, each polyp was examined endoscopically in a protocolized way with white light (WLE), NBI, and CE. Features consistent with PPs and not adenomas included fibrinous cap, surface friability and ulceration, an appendagelike appearance, central dark area surrounded by a clear lighter area (halo sign) on CE, white exudate on a smooth surface with sharp borders and a clustering of polyps. 14 In addition, the endoscopist described the Kudo pit pattern classification of the PP. 17 Under WLE, PPs were graded based on certain suggestive features that included elongated shape, fibrin cap, and other. 14 "Other" features include smooth, flat, and normal appearing mucosal surface. 14
Histology of PP
A "healed PP" was defined by the absence of acute or chronic inflammation in the lamina propria and without the presence of granulation tissue or ulceration. An "inflammatory" PP was defined as one with either active (neutrophil predominant) or chronic (lymphocyte predominant) inflammation in the lamina propria and/or the presence of granulation tissue or ulceration. The location of the PP was also documented as rectosigmoid, descending colon, splenic flexure, transverse colon, hepatic flexure, ascending colon, or cecum.
Outcomes and Analyses
Our objectives were to determine the clinical implications of endoscopically appearing PP with normal histology ("healed PPs"). More specifically, we examined the association between healed PPs and adjacent luminal inflammation, overall colon inflammation, type of IBD (UC or CD) and medications. We then examined whether there are endoscopic features that would allow endoscopists to distinguish between a healed PP and an inflammatory PP, and whether the presence of one healed PP is associated with the presence of other healed PPs.
We used chi-square tests to examine the relationship between PP histology (healed or inflammatory) and categorical values, including IBD type, presence of adjacent colonic inflammation, presence of endoscopic inflammation in the entire colon, location of PP in the colon, endoscopic description of PP, and type of medication. We used binomial logistic regression to examine the influence of colonic inflammation and biologic medication use on PP histology (healed vs not healed). Pearson correlation was used to examine the association between a healed PP and concomitant presence of other healed PPs. Statistical analysis was done using Stata v.15.0.
Study Oversight
The "real-time diagnosis of PPs during colonoscopy using noninvasive advanced endoscopic techniques-a prospective study" and the "Inflammatory bowel disease (IBD) center clinical phenotype database and specimen collection" were approved by the University of Miami Institutional Review Board (IRB). Patients in the prospective study consented to the IRB-approved protocol. And all patients in the University of Miami biorepository are consented as well.
RESULTS
Patient Characteristics and Relationship to PP Histology
A total of 45 patients with IBD and PPs were identified between 2010 and 2017. Of these, 29 were prospectively identified and the other 16 retrospectively. There was a total of 117 PP biopsy samples examined in this study. Of the 117 samples, 36 (30.77%) were inflammatory PPs and 81 (69.23%) were healed PPs. Of the 45 patients, 18 (40.0%) patients had CD, 26 (57.77%) patients had UC, and 1 (2.22%) patient had IC (Table  1 ). There were 28 (62%) females and 17 (38%) males. Healed PPs were more often found in patients with UC (74.1%) versus CD (23.5%), P = 0.006. In patients with CD, 50% had ileocolonic disease followed by isolated colonic disease (44.4%) and ileal disease (5.6%). UC patients were more likely to have pancolonic disease (88.5%) followed by left-sided disease (11.5%) ( Table 1 ).
PP Histology Tracks With Surrounding Histologic Inflammation
We asked whether the histology of the PP related to the histologic activity of disease in the surrounding mucosa. For all patients included in this analysis, biopsies were taken in the same segment of colon as the PP. We found that in patients with healed PPs, 64 (79.0%) had inactive colitis in the area adjacent to the PP and 17 (21.0%) had active inflammation in the area adjacent to the PP (P = 7.72 × 10 −9 , Table 2 ). These data suggest that PP histology represents part of the generalized inflammatory process.
In terms of location of PP, there was no statistically significant difference between the locations of healed versus inflammatory PPs (P = 0.122). This may be due to the fact that both inflammatory and healed PPs were mainly located in the rectosigmoid regardless of histology (45.7%) ( Table 2) .
Patients with one healed PP on colonoscopy were more likely to have other healed PPs identified during the same colonoscopy than inflammatory PPs (r = 0.48, P = 0.012). Further, 60% of patients with a healed PP had all other PPs that were healed (60% all healed PP vs 40% mixed inflammatory and healed, P = 0.023).
We also wanted to evaluate whether presence of dysplasia at the time of study colonoscopy was an important consideration when evaluating inflammatory versus healed PPs. We did not find a statistically significant difference between healed versus inflammatory PPs in terms of whether dysplasia was present on the study colonoscopy (P = 0.44) as few patients had dysplasia (13.5%) at the time of study colonoscopy ( Table  2 ). There was no dysplasia present in any of the PPs themselves.
Lastly, we looked at the presence of dysplasia on any follow-up colonoscopies. Again, we did not find a statistically significant difference between healed versus inflammatory PPs in terms of presence of dysplasia on follow-up colonoscopy (P = 1.0). However, the small number of patients included in the analysis prevents statistical evaluation. Few patients with either healed or inflammatory PPs had dysplasia on follow-up colonoscopy (7.5%) ( Table 2 ).
The Endoscopic Appearance of the PP Relates to Histology
We next compared the histology of the PP as it related to the global endoscopic disease activity. We found that patients with healed PPs were in endoscopic remission 82.6% of the time as compared with 17.4% of patients with inflammatory PPs (P = 0.01) ( Fig. 1) . Thus, PP histology tracks with endoscopic activity.
In a prospective study of 29 patients with PP, we performed a protocolized endoscopy and examined PPs (n = 59) in high definition WLE, NBI, and dye spray with indigo carmine (CE) (Fig. 2) . In an earlier published study, we used a Delphi method to describe endoscopic features of inflammatory polyps but did not describe healed PPs. 14 The feature noted in WLE suggestive of healed PPs were elongated shape and "other" as compared with suggestive feature of inflammatory PPs which was fibrin cap (P = 0.028) ( Table 3) . Under NBI, we examined vascular patterns of PPs endoscopically. We found that a vascular pattern of dots was associated with healed PPs (P = 0.012). About 87.9% of healed PPs had a dot vascular pattern. We next evaluated the PPs by CE based on the Kudo's pit pattern classification as types I, II, IIIs, IIIL, IV, Va, and Vn. We found that 81.1% of healed PPs had Kudo pit pattern I (P = 0.042) ( Table 3 ).
More Patients on Biologics and Combination Therapy Had Healed PP
We evaluated the relationship of PP histology to current medication therapy, duration on biologic therapy, and duration on immunomodulators. Looking at the medications that patients were taking at the time of study, there was a statistical significance (P = 0.005) between the medication and the histology of PPs. In patients with healed PPs, 55.3% were treated with combination therapy or biologics as compared with 44.7% of patients with inflammatory PPs. However, we performed a multi regression analysis to see if the significance seen was due to medication effect or rather the amount of inflammation in the adjacent area. On multiregression analysis, we noted that the effect of medication therapy was no longer statistically significant (P = 0.128) but inflammation in the adjacent area was noted to be significant (P = 5.6 × 10 −9 ). Therefore, when taking into account presence of colonic inflammation as a covariable, biologic use was no longer predictive of PP histology. Thus, anything that results in mucosal healing influences PP histology rather than the type of medication.
Prior exposure to immunomodulators or biologics was numerically more frequent in patients with healed versus inflammatory PPs. About 67.7% of patients with healed PPs had prior exposure to immunomodulators as compared with 32.3% of patients with inflammatory PPs (P = 0.433). About 61.4% of patients with healed PPs had exposure to biologic therapy as compared with 38.6% of patients with inflammatory PPs (P = 0.056) ( Table 4 ). 
DISCUSSION
The current study was undertaken to highlight the differences in PP histology and the implications for surveillance colonoscopies in IBD. The majority of patients with PPs had UC and healed PP architecture. In patients with healed PP, the mucosa surrounding the PP was also not inflamed. Furthermore, patients with healed PP were more likely to be in endoscopic remission globally and patients with one healed PP on colonoscopy were more likely to have all the other sampled PPs also exhibit healed histology. This is the first study to examine mucosal healing in PPs and to find an association between deep remission and healed PPs. Although this study does not have long-term follow-up for dysplasia, we may extrapolate the results of Christensen et al 18 that healed colitic mucosa is much less likely to be associated with dysplasia long term.
In our study, we found that most patients with healed PPs were in endoscopic remission. This finding is notable as, historically, PPs were found to be independent predictors of colorectal carcinoma in IBD patients (CAC). [19] [20] [21] A more recent multicenter retrospective study by Mahmoud et al 11 did not, however, find an association between development of CRC and PPs; PPs were thought to be a surrogate for the inflammatory burden rather than a risk factor for CRC. The results from our study suggest that most modern day PPs have a healed phenotype and may be the explanation why PPs are no longer harbingers of increased CAC risk. Perhaps in part due to a small sample size, we found very few patients with dysplasia regardless of PP histology. Mahmoud et al 11 specifically controlled for predictors of CAC development including histologic inflammation which could account for the lack of association between development of CAC and PPs. Furthermore, PPs were not stratified into healed versus inflammatory and therefore it remains possible that patients with healed PP have a lower risk of CRC development as compared with patients with inflammatory PPs.
A foundational study by De Dombal et al 22 determined that patients with PP are more likely to have had a previous severe flare. Over half of the patients in this cohort in 1956 who underwent colectomy had PPs. 22 A meta-analysis by Maggs et al 6 showed that about 70% of patients with PPs have extensive colitis and none had isolated proctitis. Furthermore, PPs can be complicated by obstruction, bleeding, iron-deficiency anemia and protein-losing enteropathy and therefore, along with concerns for development of dysplasia, surgical resection used to be a common modality for the treatment of PPs. 6, 23 Mahmoud et al 11 most recently corroborated this notion that IBD patients with PP are more likely to undergo colectomy and had a significantly shorter time to colectomy. However, the findings from our study that endoscopic remission is associated with healed PPs and that the majority of patients with one healed PP are more likely to have other healed PPs in the same colonoscopy may dissuade gastroenterologist from recommending colectomy as a management strategy for PPs.
The literature is lacking in terms of endoscopic characterization of PP mucosa. When we evaluated the endoscopic characteristics of PPs and compared them to the histologic findings, we found that healed PPs were more likely (87.9% of the time) to demonstrate a "dot-like" vascular pattern as compared to inflammatory PPs. Rastogi et al 24 described the vascular pattern of tubular adenomas and hyperplastic polyps on NBI and found that hyperplastic polyps displayed a circular pattern with dots with a sensitivity of 86% and specificity of 97%. We also found that healed PPs are more likely to display a Kudo pit pattern type I, which according to Kudo nonneoplastic pit pattern. These findings can help the endoscopist in identifying healed PPs during colonoscopy as the identification can help avoid multiple biopsies and polypectomies of PPs during colonoscopy.
There are limitations to our study. Twenty-nine of the patients were part of a protocolized PP endoscopic study with the rest of the patients from our IBD biorepository. For the patients in the biorepository, the reporting of PPs was part of the standard template of endoscopy reporting in our endoscopy reporting software but not protocolized. For this reason, the endoscopic characteristics are only included for the 29 patients in the initial PP study. We only included patients that had PP biopsies and biopsies of flat mucosa from the same segment of colon. All of the colonoscopies included in this study were performed by dedicated IBD physicians at our institution. These clinicians are experienced in the use of CE for dysplasia surveillance as well. Nevertheless, there could be a lack of uniformity between physicians. Although all histology slides were reviewed by dedicated gastroenterology pathologists, they were not blinded to the endoscopic findings. This has the potential for bias even though we attempted to mitigate this bias by having more than one dedicated pathologist review the slides. Our sample size was small because we only included patients with matched biopsies. Many more patients had PPs described that were not biopsied and thus not included in the current analysis. Several patients initiated medical therapy before our electronic medical records and the exact time on medications was not available. In the future, larger studies are needed to validate the findings in our study. Long-term follow-up is also needed to determine if healed PPs have a more favorable course than inflammatory PPs.
In conclusion, we were able to confirm mucosal healing of PPs especially in patients who were in deep remission. Given that PPs may have a risk of dysplasia, these data add to the principle that histologic remission is important to minimize progression to dysplasia. In addition, based on the high degree of concordance between healed PP and certain endoscopic features, endoscopists may not need to biopsy healed PPs.
